Genetic diversity allows identification of potential intraspecific genotypes in the genus Passiflora. The objective of this study was to examine the morphological and genetic diversity of auxin-induced Passiflora mucronata. The experiments were arranged in a complete randomized block design, with a 9 x 2 factorial arrangement (nine genotypes x presence and absence of auxin, indole-3-butyric acid (IBA)), with four replicates of 16 cuttings. The rooting and vegetative growth responses were variable. Genotype 5 was more responsive in the absence of IBA and genotypes 3, 8 and 9 were more responsive in the presence of IBA. Auxin increased rooting rate and percentage, reducing the average time of root protrusion in eight days. IBA also contributed to increase photosynthesis and dry root and shoot mass in 55.55 and 44.44% of the genotypes, respectively. The highest relative contribution to phenotypic diversity in the absence of auxin was rate (38.75%) and percentage (20.27%) of rooting, whereas in the presence of auxin was stomatal conductance (23.19%) and root dry mass (20.91%). Similarity was found for phenotypic and molecular divergence in the presence of IBA, in which genotypes 1 and 6; genotypes 5, 8 and 9; and genotype 3 were clustered in distinct groups.
INTRODUCTION
The passion fruit species Passiflora mucronata is self-incompatible (Meletti et al. 2011 ) and, predominantly allogamous, hence, there is intraspecific genetic variability to be explored.
Molecular markers such as Inter Simple Sequence
Repeats (ISSR) can be used to characterize genetic variability, as phenotypic markers, which are An Acad Bras Cienc (2018) 90 (2) ). The  D   2 ii'
is preferable because it is estimated when the matrix of variances and residual covariances is available. These matrices can only be estimated when genotypes are evaluated in experimental trials with replicates (Cruz et al. 2012) . On the other hand, the basic purpose of canonical variables is to provide a structural simplification of the data so that genetic diversity, which is influenced in principle by the p-dimensional set (p = number of characters considered in the study), can be evaluated by a bi or three-dimensional complex of easy geometric interpretation (Cruz et al. 2012) .
Identification of distinct groups of P. mucronata genotypes and evaluation of their morphophysiological behavior are important for early selection of promising rootstocks for commercial species. The commercial cultivars of Passiflora edulis have low levels of resistance to a number of diseases caused mainly by fungi, bacteria and viruses, which have led to a shortened plant life cycle in the field. (Junqueira et al. 2003 , Pinto et al. 2008 . Nevertheless, some resistant species to the fungus Fusarium solani (Preisigke et al. 2015) have been found among the native passifloraceae, including P. quadrangulares L., P. nitida Kunth and P. foetida L. These resistant species also have genetic compatibility with Passiflora edulis (Junqueira et al. 2005 ), which will develop normally even in soils contaminated by pathogens. Resistance to Fusarium solani was also detected in two hybrids derived from the interspecific cross between P. edulis (susceptible) and P. mucronata (resistant), which can be as rootstock for P. edulis (Freitas et al. 2015) .
Rootstocks can be produced by seeds or vegetative propagation using cuttings. Cuttings have the advantages resistance of fixation to soil diseases, in which the native "Passifloraceae" can be used as rootstocks for commercial passion fruit. The rhizogenic capacity is influenced, among other factors, by growth regulators, mainly auxins, for example indole-3-butyric acid (IBA). P. mucronata cuttings are more responsive to rhizogenesis when treated with IBA (Alexandre et al. 2014 ), but others need not the use of this regulator (Alexandre et al. 2016) , therefore, there is a variation between genotypes regarding the responsiveness to this growth regulator and more studies are necessary. It is important to determine an ideal concentration of IBA for the species P. mucronata, in order to promote a higher rhizogenic speed, besides a more developed root system increase nutritional absorption favoring in this sense, the rapid development.
The objective of this study was to analyze the morphological behavior and the molecular and phenotypic diversity of P. mucronata treated or not with indole-3-butyric acid (IBA).
MATERIALS AND METHODS

MATERIAL VEGETAL
The experiments were carried out in the experimental area of the Center of Agricultural Sciences and Engineering (CCAE) of the Federal University of Espírito Santo (UFES), in Alegre, ES, Brazil, geographical coordinates 20º47'43"S and 41º30'33"W, 210 m altitude. The genotypes of Passiflora mucronata were collected at Cedro Farm located in the municipality of Jaguaré, in northern Espírito Santo.
The study consisted of two experiments: the first experiment analyzed the vegetative propagation, growth and gas exchange of genotypes (GEN) 1, 2, 3, 4, 5, 6, 7, , and the second experiment of 400 ± 8 μmol CO 2 mol -1 were measured between 9:00 a.m. and 10:30 a.m., with maximum A, using a portable infrared gas analyser (LI-6400; LI-COR Inc., Nebraska, USA). Following gas exchange measurements, shoots and roots were separated, placed in paper bags, dried in a convection oven at 75 o C for 72 h then weighed in analytical balance (0.0001 g) to determine root dry mass (RDM) and shoot dry mass (SDM).
Experimental design
The experiment was arranged in a 9 x 2 factorial randomized block design, (genotypes 1; 2; 3; 4; 5; 6; 7; 8 and 9 x seedlings from treated or untreated cuttings with IBA (1000 mg kg -1 ), with 
Percentage and rooting speed
The cuttings were planted in 50 L pots and trained in the espalier system to increase the number of plants and branches of the same genotype and be used in the adventitious rooting experiment later. After 12 months, cuttings of adult plants of all genotypes were taken with 12 cm length and 2-3 mm diameter, without leaves, with two nodes, bevel cuts at the base, and treated or not with IBA (1000 mg L -1 ) in talc. The cuttings were grown in styrofoam trays with 40 cm 3 cells using Bioplant ® substrate and kept in a greenhouse under intermittent misting. At 58 days after the experiment started, the following characteristics were analyzed: rooting (R%); root protrusion rate (RRP), which was recorded daily by counting the protrusion of the first root at the base of each cutting and the mean time of root protrusion (MRPT, in days).
Gas exchange and dry mass accumulation
Seedlings of nine P. mucronata genotypes from the previous experiment were grown on vertical trellises, full sun, in the experimental area of CCAE/UFES, in 18 L pots filled with commercial substrate (Bioplant ® For analysis of molecular diversity, the genomic DNA of the nine P. mucronata genotypes were extracted from young leaves of each genotypes according to protocol of Doyle and Doyle (1990) , with the following changes: addition of 1% (w/v) polyvinylpyrrolidone to extraction buffer; two washings with chloroform-isoamyl alcohol (24:1); and for precipitation were used a third of ammonium acetate (7.5 M) and one volume of cold isopropanol. The samples were resuspended in 40 μL of TE buffer (10 mM Tris-HCl, pH 8. The samples were denatured at 94 °C for 5 min followed by 35 cycles of 94 ºC for 1 min, 50 ºC for 1 min and 72 ºC for 1 min and final extension at 72 °C for 10 min. PCR products were visualized on 1.5% agarose gels stained with ethidium bromide (1% -10 mL) and photographed under UV light. The fragments were compared with a 100 bp DNA ladder (Thermo Scientific ® ). Distances among the nine P. mucronata genotypes were obtained by the simple matching dissimilarity coefficient (SMC) based on the coded molecular markers and clustering was performed by UPGMA (Unweighted Pair-Group Method Using Arithmetic Averages). The analyses were performed using the statistical software Genes (Cruz 2016).
RESULTS AND DISCUSSION
EXPERIMENT I: ROOTING, ROOT VIGOR, GROWTH AND GAS EXCHANGE IN AUXIN TREATED AND UNTREATED CLONAL GENOTYPES OF P. mucronata
Rooting of leafless cuttings was greater with the IBA (1000 mg kg -1 ) treatment, varying from 32.81% (GEN 1) to 93.75% (GEN 5). With the auxin, the highest rooting percentages were recorded for genotypes 3 (92.19%), 5 (93.75%), 8 (87.50%), and 9 (84.38%) ( Table I) . IBA positively regulates the transport of amino acids and nucleotides and negatively the expression of genes associated with secondary metabolism, including the synthesis of flavonoids and lignin biosynthesis during the initial phase of adventitious rooting (Li et al. 2016) . These genetic differences in rooting ability may, for example, be due to a delay in the early activation of cell divisions as observed in Dianthus caryophyllus (Villacorta-Martín et al. 2015) . However, the authors observed that the lower rooting capacity of cv. R8 2003 in relation to cv. MFR 2101-02 was directly associated with the low auxin x cytokinin ratio in this cultivar. Genotypes of Eucalyptus globulus showed differences in cytokinins levels, varying in their rooting capacity. Moreover, a higher level of cytokinin in the shoot was correlated with the rooting percentage. Auxins and cytokinins play a key role in adventitious root formation of E. globulus and a complex interaction between auxin and cytokinin levels in their metabolism may result in root formation. However, indole-3-acetic acid (IAA) levels were the same among genotypes of difficult and easy rooting, whereas levels of IAAsp (indole-3-acetyl aspartic acid) were higher in the genotype of difficult rooting, suggesting that the IAA metabolism may play an important role in the adventitious root formation of this species (Negishi et al. 2014) .
However, even with the auxin, GENs 1, 2, 4, 6, and 7 showed rooting below 55% (Table  I) . Alexandre et al. (2014) found rooting of 86% for one-node cuttings with one half-leaf of P. mucronata treated with IBA (1000 mg kg -1 ) and also observed that the root quality was higher when crystalline IBA was applied in a mixture with talc. Some GENs within the same species were found to be more responsive to root induction than others, and this may be related to a number of endogenous factors inherent to each genetic material. Mouri et al. (2011) (Li et al. 2009 ). These substances, which account for root formation, are carried to the rooting zone of the cutting and there they remain accumulated and promote root initiation (Hartmann et al. 2011 ). Softwood cuttings of P. setacea, P. coccinea, P. amethystina, P. edulis, P. edulis x P. setacea and P. coccinea x P. setacea showed increased rooting, sprouting, root dry mass, and total dry mass with increasing IBA concentration up to 1000 mg L -1 (Faria Vaz et al. 2009 ). P. nitida cuttings treated with IBA showed greater rooting at the concentrations of 1000 (88.75%), 3000 (95%) and 5000 (98.75%), which differed significantly from the control (0 mg L -1 ), reaching 62.5% (Sabião et al. 2011 ).
Clove (Dianthus caryophyllus) cultivars 2003 R8 and 2101-02 MFR presented in the beginning of root primordia formation some cambium cells, between the phloem and xylem, with periclinal divisions in response to the endogenous auxin signal, showing differences in rooting capacity among cultivars due to a delay in the early activation of cell divisions (Villacorta-Martín et al. 2015) . However, the authors observed that the lower rooting ability of cv. 2003 R8 was directly associated with the low auxin x cytokinin ratio in this cultivar.
Genotypes of Eucalyptus globulus showed differences in cytokinins levels among genotypes, varying in their rooting capacity. Moreover, a higher level of cytokinin in the shoot was correlated with the rooting percentage. Auxins and cytokinins play a key role in adventitious root formation of E. globulus and a complex interaction between auxin and cytokinin levels in their metabolism may result in root formation. However, indole-3-acetic acid (IAA) levels were the same among genotypes of difficult and easy rooting, whereas levels of IAAsp (indole-3-acetyl aspartic acid) were higher in the genotype of difficult rooting, suggesting that the IAA metabolism may play an important role in the adventitious root formation of this species (Negishi et al. 2014) .
High rooting capacity was found for GENs 5 (85.94%) and 3 (71.88%) in the absence of auxin, IBA positively influenced the root vigor of cuttings of the P. mucronata genotypes. Gen 3 was the most vigorous in the absence and presence of auxin (Table I) , which may be related to the morphology of the mother plant, such as larger diameter branches, well-developed leaves and appearance of nutritional vigor (data not shown), as weii as physiological traits, such as less lignified cuttings and nutritional status, hormonal balance, auxin/cytokinin ratio and other co-factors suitable for rooting.
MRPT of IBA-treated cuttings was 27 days and MRPT of untreated cuttings was 35 days, a difference of 8 days of advance in rooting with auxin. GEN 3 had the lowest MRPT (23.3 days) and GENs 1 (33.94 days), 4 (35.41 days) and 9 (34.01 days) the highest MRPT (Table I) . This higher rate of root emission in these genotypes of P. mucronata may be related to a greater efficiency in the metabolism of sugars and enzymes with the use of auxin, for example, of the species Dalbergia sisso Roxb. in which the IBA treated stakes maintained higher levels of protein and peroxidase activity (PER) in the rooting zone. In this species, total soluble sugars and starch decreased during root growth. Protein content and PER activity began to increase in the initial growth phase and reached the highest level on day 21 after planting, followed by a decline on day 35 after planting. In general, these results suggest that auxin treatment may have activated carbohydrate metabolism for energy release, whereas protein and PER activity was required for cell division and differentiation during initiation and development of root primordia in the rooting of cuttings (Husen 2008) . The reduction in time of root protrusion is important for the early establishment of the root system, which will reduce the seedling production time and quickly ensure its survival. This reduction in time reflects, for example, on a shorter production time for rootstocks, in which the rapid emission of the root system results in tissue rehydration and nutrient uptake for growth in height and collar diameter, however, the longer time required for rooting can expose the stake to sub-optimal environmental conditions (Aiello and Graves 1998). Moreover, root collar diameter is a morphological indicator for attaining the proper time for grafting on a rootstock (hypobiote). According to Andrade Júnior et al. (2013) , the index resulting from the relationship between the height of the seedling and the diameter of the stem expresses the growth equilibrium, also called the robustness quotient, which is considered one of the highest indexes since it provides information about how fine the seedlings are. JULIANY M. FRANÇA et al.
The hybrid
Corymbia torelliana x Corymbia citriodora shows higher rooting and higher vigor in apical cuttings because they are less lignified and sclerenchymatic than the basal ones (Wendling et al. 2015) . In this case, the epigenetic variation originated from the topophysis effect (effect of origin), that is, effect of position in the branch, is more evident as the physiological age advances. In Passiflora actinia there was greater rooting in basal cuttings with leaves (75%) than in middle cuttings with leaves (41.75%), while the apical cuttings died (Albuquerque Junior et al. 2013) .
Exogenous auxins stimulate initiation and inhibit the later stages of adventitious root development (Klerk et al. 1995) . The induction phase in adventitious root formation (AR) is positively regulated by auxin, polyamines, cytokinins and ethylene, in addition to the double role of cytokinins and ethylene that negatively regulates abscisic acid (ABA) induction. Nitric oxide (NO) stimulates induction and initiation of AR (Porfírio et al. 2016 ). However, strigolactones generally reduce the ability to induce roots (Verstraeten et al. 2014) , suppressing auxin action. On the other hand, strigolactones are upregulated along with gibberellins (GA) at root initiation, and while ethylene and GA stimulate AR expression, ABA represses it (Porfírio et al. 2016 ). According to Verstraeten et al. (2014) , the participation of these many regulators suggests the existence of rigid control and fine-tuning of adventitious root initiation and emergence. Souza et al. (2015) evaluated the carbohydrate content in vine cuttings of rootstock cv. IAC 572 and found that cuttings treated with organic substrate in association with IBA had reserve substances significantly increased. Fachinello et al. (2005) ) (Table II) . It is mainly because the characteristic of the growth regulator, since auxins stimulate root vigor, favoring the early adaptive capacity of plants. The root vigor allows better absorption of water and nutrients, favoring allometric growth and leading to a greater accumulation of shoot and root dry mass. The other characteristics gs, E and Ci, showed no significant differences (Table II) .
It is interesting that the vegetative propagation of P. cincinnata Mast. by cuttings can preserve the water status of plant tissues, however, there is a reduction in both vegetative development and A (10 μmol CO 2 m -2 s -1 ), when compared with seed propagation, which had higher gs (0. On the other hand, the limitation in photosynthesis and transpiration occurs mainly due to changes in CO 2 diffusion from the atmosphere to the carboxylation site (Flexas et al. 2006 , Warren et al. 2011 ). According to Taiz and Zeiger (2013) , the reduction in E may be associated with stomatal closure, which is a strategy used by the plant to support water status. Cavalcante et al. for E in the presence and absence of water stress, (1) Means followed by the same small letter in the column among the different genotypes belong to the same Scott-Knott grouping and between presence and absence of IBA are not significantly different by the Tukey's test at 5% probability level.
respectively. Carr (2013) studied the water relations of P. edulis and found that leaf production and expansion are sensitive to water deficit, reducing leaf number and delaying floral bud initiation, which will determine an uneven distribution of the fruit harvest during the year. The species P. mucronata presents a transpiration far superior to P. edulis f. flavicarpa (Cavalcante et al. 2001 ), since it is being cultivated outside its natural occurrence area (restinga), which explains the plant is trying to maintain a balanced temperature, since the evaporation of water has the consequence of energy dissipation (heat), which avoids intense heating and thus, contributes to survival.
The clonal seedlings of GENs 3, 5, 6, 8 and 9 treated with IBA (1000 mg kg -1 ) had higher root dry mass (RDM) ( Table III) . Alexandre et al. (2014) reported that accumulation of RDM in cuttings of P. mucronata increased linearly until the maximum IBA (1000 mg kg -1 ) concentration, probably because of the high root vigor, performance and subsequent adaptation of these genotypes. Clonal seedlings of all GEN treated with IBA (1000 mg kg -1 ) had a higher aerial part dry mass (SDM) ( Table   III) . In this case, the action of auxin is confirmed by growth stimulated through cell division, whose importance is the faster development of the aerial part providing adequate conditions for flowering and fruit production. Fachinello et al. (2005) explained that the difference among genotypes is a function of endogenous auxin concentrations, and the amount supplied to each species or cultivar. Therefore, optimal concentrations of the plant regulator may differ completely among species, populations or clones, promoting or inhibiting root development. These fluctuations in rooting ability occur even among closely related individuals, suggesting the influence of endogenous determinism (Mankessi et al. 2009 ). Morphological and physiological characteristics are important for analyzing the behavior of plants under adverse conditions. Some of these characteristics are destructive and some are not. The correlations between the non-destructive characteristics can help the understanding of the plant's growth without affecting the mother plant. The phenotypic correlation coefficients between the characteristics R and RRP were classified as very strong (rf = 0.9242 ** ), according to Carvalho et al. (2004) (Table IV) . This information is essential to understand the responsiveness of each genotype to adventitious rooting, telling which genetic material is more vigorous, with greater precocity for clonal seedling production. as moderate (Table IV) . These results allow us to infer, for example, that the greater the root vigor, the greater the root emergence porcentage. Another phenotypic correlation classified as strong is gs vs. E (Table IV) , indicating that the higher the gs, the greater the E. Santos et al. (2016) studied the morphophysiology of P. cincinnata Mast under different conditions of propagation and spacings and found positive correlation between leaf area and transpiration (Pearson correlation = 0.6887, significant at 1% probability by the t-test), meaning that the internal water status of the plant became less favorable for seed-derived plants, mainly because of the greater leaf area, with greater gas exchange between plants and atmosphere. The vapor loss to atmosphere can be maximized with greater stomatal conductance, inducing stomatal opening by reducing the relative humidity. Sánchez et al. (2013) found that the stomatal density in leaves of P. edulis is 106.53 stomata per square millimeter, leading to a negative correlation between stomatal opening and relative humidity; however, the propagation method had no effect on transpiration.
EXPERIMENT II: MOLECULAR DIVERSITY OF P. mucronata GENOTYPES.
Based on the criterion proposed by Singh (1981) , the relative character contribution to the genetic diversity among the nine genotypes studied in the absence of IBA, in descending order of characteristics, is: RRP (38.75%), R (20.27%) and RDM (15.87%) with 74.89% of the total distribution; and in the presence of IBA: gs (23.19%), RDM (20.91%) and SDM (19.66%) with 63.76% of the total distribution (Table V) , which are therefore considered the most important characteristics in the present study.
In the absence of IBA, the first two canonical variables explained 89.35% of the total variation (69.21% by the first canonical variable and 20.14% by the second canonical variable) (Figure 1a ). In the presence of IBA, the first two canonical variables explained 91.82% of the total variation (80.12% by the first canonical variable and 11.70% by the second canonical variable) (Figure 1b) . Because the two canonical variables provided a satisfactory interpretation of the variability, more than 80% of the total variation among the genotypes (Cruz et al. 2012) , in the presence and absence of IBA, the genetic diversity can be represented in a bidimensional scatter plot (Figure 1a, b) .
The groups formed by graphic dispersion may not comprise in their totality the projection of the distances on the plane, however, it is up to the researcher to make sense of them (Sudré et al. 2005) . The Tocher's optimization method separated the genotypes into three groups, with similar behavior within group and divergent behavior between groups, for both IBA-untreated cuttings ( Figure  1a ) and IBA-treated cuttings. This optimization technique groups individuals so that intra-group distances are always smaller than the intergroup distances (Cruz et al. 2012) . Genotypes in the absence and presence of IBA were not clustered into the same groups. The largest group formed in the absence of IBA included GENs 1, 2, 6, 7, and 8, while in the presence of IBA, it included GENs 1, 2, 4, 6, and 7. These GENs yielded low-rooting cuttings, below 50%, even with IBA treatment (Table I) . GENs 3, 5, and 9 were separated between the other two groups. In practical terms, considering the purposes of this study, for immediate grafting of P. edulis onto P. mucronata and maintenance of genetic diversity in rootstocks, we recommend GENs 3, 5, and 9. Breeders can take advantage of the genetic diversity found among these genotypes to develop hybrid rootstocks from the crosses between the GENs of the largest group (1, 2, 4, 6, and 7) and the other two groups formed by GEN 3 and GENs 5, 8, and 9. These hybrids should be screened for vigor, mainly in relation to rooting, so to become economically viable with at least 70% of rooted cuttings as suggested by Hartmann et al. (2011) .
The analysis of ISSR molecular markers showed that the nine GENs were clustered into three groups (I: 7, 9, 5, and 8; II: 1 and 6; III: 3, 4, and 2) (Figure 2 ). There was consistency between genotype groupings for morphological characteristics (Table I ) and phenotypic ( Figure 1 ) and molecular divergence (Figure 2) . GENs 3 and 5 are considered as superior (mainly good rooting capacity) and genetically divergent, therefore, they may be good options for immediate use as rootstocks, or alternatively used in breeding programs to develop hybrid rootstocks. In the same way, GENs 3 and 9 can also be used. The performance of these nine GENs for resistance to a fungal complex causing collar rot (Fusarium solani) (data not shown) is being analyzed. Finding resistant individuals in these groups allows, via cross-breeding, to produce individuals resistant to more than one type of fungus that causes this disease. These materials can be used as rootstocks for commercial passion fruit, considering that in recent studies the species P. mucronata was found to have high compatibility with the species P. edulis f. flavicarpa (Alexandre et al. 2013 , Oliari et al. 2016 . This allows in the near future the selection of individuals resistant to Fusarium solani and high rooting capacity using vegetative propagation by cuttings.
CONCLUSIONS
IBA exogenous induction of P. mucronata cuttings increased percentage and rate of rooting and reduced the mean time of rooting in eight days.
The rooting and growth responses varied among the genotypes, with GEN 5 being the most responsive in the absence of IBA and GENs 3, 8, and 9 the most responsive in the presence of IBA, providing intraspecific divergence.
